Production and reproduetive traits in Danish Landrace (LD) and Large White (LW) swine were analysed by restricted maximum likelihood methods to obtain heritabilities as well as genetic and phenotypic correlations. Production traits were: age, backfat thickness (BT), muscle depth (MD) and the ratio BT/MD, adjusted to Standard bodyweight of 85 kg. Reproduction traits were: number of pigs born (NB) and number of pigs weaned (NW) per sow and parity. Heritabilities for age, BT, MD and BT/MD were 0.60, 0.44, 0.51 and 0.42 for LD and 0.36, 0.44, 0.37 and 0.45 for LW, respectively. Genetic correlations between age and BT were -0.22 in LD and -0.44 in LW. The genetic correlation between age and MD was close to zero in both breeds. Genetic correlation between BT and MD were -0.36 and -0.25 in LD and LW, respectively. Heritabilities for NB were 0.25 in LD and 0.13 in LW while heritabilities for NW were close to zero in both breeds. Genetic correlation between NB and NW was 0.46 and 0.70 in LD and LW, respectively. Die geschätzte genetische Korrelation zwischen dem Alter und der BT betrug -0,22 bei den LD-und -0,44 bei den LW-Schweinen, während die entsprechende Korrelation zwischen dem Alter und der MD in beiden Rassen nahe Null lag. Die geschätzte genetische Korrelation zwischen der BT and der MD betrug -0,36 bei den LD-und -0,25 bei den LW-Schweinen. Die Heritabilitätswerte für die NB betrug 0,25 bei den LD-und 0,13 bei den LWSchweinen, während die entsprechenden Werte für die NW bei beiden Rassen gleich Null waren. Zwischen der NB und der NW wurde eine genetische Korrelation von 0,46 bei den LD-und von 0,70 bei den LW-Schweinen ermittelt.
Introduction
The need of the development of genetic improvement programs for swine in Greece has been widely emphasized by the Ministry of Agriculture early in the 90s in an attempt to improve the efficiency of pig industry. This attempt has been supported by the Agricultural University of Athens with a number of studies the aim of which was to identify the production and reproduetive traits with major economic impact, i.e. to define the breeding objective (LIANOS, 1986; PAPAVASILIOU et al" 1991) . In those studies, the economically most important traits identified were: the number of pigs weaned per sow per year, the feed conversion ratio, the daily gain and the proportion of commercial meat cuts. Later on, ROGDAKIS et al. (1994) defined a breeding objective for fattening pigs which comprised the traits: proportion of commercial meat cuts, feed conversion ratio, and age at slaughter. Selection was based on an index including two selection criteria: (i) the weight corrected ratio between back fat thickness and depth of muscle M. longisimus dorsi and (ii) the weight corrected age of pigs at measurement. In those studies, however, estimates of genetic parameters of various traits were taken from the literature. Literature estimates cannot necessarily reflect the genetic potential of the breeding stock used, especially when the following are considered: first, the breeding stock is developed by a limited number of breeding animals imported in the farm in 1989 and thus could be subjeeted to the founder effect. Second, the breeding stock is kept under different production conditions (climate, nutrition regime etc) than in the countries of origin, e.g. Denmark. Reliable and specific population parameter estimates of heritabilities and genetic correlations of production and reproduetive traits are essential in predicting breeding values accurately as well as in developing efficient breeding schemes. The method of restricted maximum likelihood (REML) applied to an individual animal model has been the widely used method for estimating variance components in animal populations, mainly because of its ability to account for selection and non-random mating when the complete variance covariance matrix of animal effects is known and used (KENNEDY et al., 1988; IM et al. 1989) . The aim of this study is to estimate the genetic parameters for some production and reproduetive traits in on a farm tested Landrace and Large White swine using single and multiple trait animal modeis and to propose efficient selection strategies.
Material and Methods Data Data regarding production traits were obtained between December 1992 and December 1996 in a breeding unit near Korinth comprising Large White (LW) and Landrace (LD) swine. During this period a total of 1332 LW and 1244 LD boars and gilts were measured for production traits using an ultrasound equipment (ALOKA SSD-500). Pigs were measured on discontinuous time lags. Pigs were housed in pens of about 10 animals and fed ad libitum during the whole test period. The test started at 140 days of age and ended at the age of 180 days. Pigs were weighed and backfat thickness and M. longisimus dorsi depth was measured on three points as described by ROGDAKIS et al. (1994) . The traits studied were: age on measurement, average backfat thickness (BT: mean of three measurements), average muscle depth (MD: mean of three measurements) and BT/MD ratio. Age, BT, MD and BT/MD were adjusted to 85 kg liveweight using linear regression coefficients obtained by Solutions of least Squares equations (Table 2) . Furthermore, reproduetive traits for sows of both breeds were recorded from August 1989 to October 1995. These traits were: number of pigs born (NB) and number of pigs weaned (NW) per sow and parity. Repeated records per sow were available for both reproduetive traits allowing the estimation of repeatabilities. The structure of the data sets analysed is shown in Table 1 . Univariate analysis Estimates of variance components for all traits studied were obtained using single-trait REML fitting an animal model and using a derivative-free algorithm. The model fitted for age, BT, MD, BT/MD, NB and NW in matrix notation was:
where y is the vector of records on pigs or sows, ß is the vector of fixed effects, u is a vector with elements the additive direct effects and e the vector of residuals. Furthermore, X and Z are the incidence matrices relating records to appropriate fixed and random effects, respectively. It is assumed that E(y)=Xß, E[u]=E[e]=0 and Cov(u,e)=0. The assumed variance -covariance matrix of the random effects was as follows:
where A is the numerator relationship matrix between animals and I an identity matrix of the order of the number of records. Furthermore, ö" a 2 and er 2 are the additive gene-tic and the residual variance, respectively. Fixed effects fitted for fattening traits (age, BT, D and BT/MD) included year, season and sex. The importance of the fixed effects was identified by preliminary least Squares analysis of variance of the traits studied.
No breed by sex interaction was found to be important. Fixed effects for reproduetive traits (NB and NW) included year, season and the parity number as a linear covariable. All pedigree information available was included in the analysis in order to minimize bias due to selection and to increase the accuracy of estimation. The calculations were carried out using the DFREML programs (MEYER, 1993) employing the Simplex procedure to locate the maximum of the log likelihood (L) as described by MEYER (1989) . Convergence was considered to have been reached when the variance of function values was less than 10' 8 . In all the analyses, a restart was performed in an attempt to ensure that a global maximum had been reached. Repeatability estimates were obtained by fitting an animal model with correlated residuals (MEYER, 1993) .
Bivariate analyses Bivariate REML analyses were carried out to estimate genetic and phenotypic correlations between production and reproduetive traits. Fixed effects for traits considered were as in univariate analyses. The model for the bivariate analysis was as that of univariate with the variance-covariance matrix for y vector of observations defined to include genetic and residual covariances among the traits considered.
Results
Breed and sex differences Means for production traits for the two breeds and for sexes within breeds are presented in Table 3 . Males grew faster than females and showed smaller backfat thickness and muscle depths within the two breeds. Furthermore, LD grew faster than LW, were fatter and showed lower muscle depths. As a result, BT/MD ratio was Table 3 Least Squares means, Standard errors of means (in parenthesis) and Standard deviations (SD) of the production traits for the two breeds (LS-Mittelwerte, Standardfehler (in Klammern) und Standardabweichungen (SD) der Produktionsmerkmale bei beiden Rassen) higher in LD than in LW. Means for the reproduetive traits are shown in Table 4 . LW had bigger litters at birth than LD. No breed difference for litter size at weaning was found. Average age of sows between breeds was not statistically different (p < 0.005). Standard deviations for the production traits age and MD were comparable along breeds and sexes resulting in coefficients of Variation in the ränge of 10-13%. On the contrary, Standard deviation of BT was higher resulting in higher coefficients of Variation (20-30%) for this trait. The coefficients of Variation of BT/MD followed therefore the same pattern. Standard deviations for the reproduetive traits were comparable across the two breeds. The resulting coefficients of Variation for these traits were in the ränge of 23-25%.
Heritabilities
Variance components and heritabilities from univariate analysis for the production traits are shown in Table 5 . Age at 85 kg was found more heritable in LD (0.60) than in LW (0.36). Both breeds showed the same heritability for backfat thickness (0.44). On the contrary, muscle depth was found more heritable in LD (0.51) than in LW (0.37). Heritabilities for BT/MD ratio were almost the same in both breeds. Variance components, heritabilities and repeatabilities for the reproduetive traits are presented in Table 6 . Number of pigs born was found more heritable than number of pigs weaned (NW) in both breeds. Heritabilitiy of NB in LW sows was lower than in LD. Very small estimates (0.03) for heritability were obtained for NW in both breeds. Repeatabilities followed the pattern of heritabilities with estimates for NB and NW of 0.30 and 0.10 in LD and of 0.10 and 0.05, in LW, respectively. Table 7 Genetic (above diagonal) and phenotypic (below diagonal) correlations of the various production and reproduetive traits in Landrace (LD) and Large White (LW) pigs; numbers on the diagonal are average heritability estimates from the bivariate analyses (Genetische (oberhalb der Diagonale) und phänotypische (unterhalb der Diagonale) Korrelationen der Produktions-und Reproduktionsmerkmale bei Landrasse-und Large White-Schweinen; Werte auf der Diagonale sind durchschnittliche Heritabilitätsschätzungen aus der Table 7 summarizes the phenotypic and genetic correlations between the production and reproduetive traits. Correlations between BT and MD with BT/MD are not presented, because the single traits are autocorrelated to their ratio. Age at 85 kg was found negatively genetically correlated to all other production traits. This negative correlation was more evident in LW than in LD for the traits age -BT and age -BT/MD. Genetic correlation between age and MD was found negative and close to zero. Backfat thickness was found genetically negatively correlated to MD in both breeds. This correlation was higher in LD than in LW. Phenotypic correlations between traits were generally smaller than the respective genetic correlations in both breeds. A high genetic correlation was obtained between NB and NW in both breeds.
On the contrary to production traits, phenotypic correlations for reproduetive traits were higher than the genetic correlations.
Discussion Breed and sex differences
The present results show a significant breed and sex effect on production traits. Landrace pigs grew faster, were fatter and showed smaller muscle depths than LW. The result about the age is not in agreement with other literature references where LW are generally reported to grow faster than Landrace pigs (GU et al., 1989, FERRAZ and JOHNSON, 1993; BIDANEL et al., 1994; DUCOS and BIDANEL, 1996) . Furthermore, LD pigs are reported to be leaner (GU et al., 1989) or fatter at standardized liveweight (FERRAZ and JOHNSON, 1993; BIDANEL and DUCOS, 1996; DUCOS and BIDANEL, 1996) as in the present study. Since the animals of the present study were kept under the same environmental conditions the observed differences may reflect strain differences of the breeds used. Comparison of the two breeds for the reproduetive Performance showed a higher number of pigs born in LW sows than in LD. No difference between the two breeds for number of pigs weaned was observed. Bigger litter sizes at birth for LW sows are also reported in the literature (FERRAZ and JOHNSON, 1993; DUCOS and BIDANEL, 1996) . On the contrary, ROEHE and KENNEDY (1995) found no difference for litter size at birth and at weaning between Yorkshire and LD sows.
Heritabilities
Heritabilities for the production traits were high, ranging from 0.37 to 0.60. Reported heritabilities for these traits are in the ränge of 0.21 to 0.59 for LD and 0.21 to 0.53 for LW SAVOIE and MTNVIELLE, 1988; GU et al., 1989; KAPLON et al., 1991; HOVENIER et al., 1992; LO et al., 1992; BRYNER et al., 1992; BIDANEL et al., 1994; LI and KENNEDY, 1994; DUCOS and BIDANEL, 1996; BRANDT and TAEUBERT, 1998) . Selection on production traits has proved to be efficient in both breeds. HUDSON and KENNEDY (1985) and KENNEDY et al. (1986) reported a genetic change of age to 90 kg in Canadian populations in the ränge from -0.25 to -0.44 days per year. FERRAZ and JOHNSON (1993) estimated a genetic trend of-0.063 mm per year for backfat thickness. KENNEDY et al. (1996) found that the annual genetic trends over the years 1976 to 1993 for 4 breeds (LD, LW, Duroc and Hampshire) and 4 regions in Canada were -1.44% and -0.36% for the mean in fat depth and in age at 100 kg, respectively. Heritability of NB was found higher in LD than in LW sows. The value estimated in LD (0.25) is out of the ränge (0.02 to 0.18) reported from KAPLON et al. (1991) , FERRAZ and JOHNSON (1993), SEE et al. (1993) , ROEHE and KENNEDY (1995) and from DUCOS and BIDANEL (1996) . On the contrary, values close to zero (0.03) were obtained for the heritabilities of NW in both breeds. These values are also out of the ränge (0.06 to 0.08) which is reported in the literature for heritability of NW (KAPLON et al., 1991; ROEHE and KENNEDY, 1995) . This result indicates that selection for reproduetive Performance should concentrate on NB. Selection on this trait has also proved to be efficient in the literature. FERRAZ and JOHNSON (1993) estimated a genetic trend of 0.012 pigs per year for litter size at birth.
Correlations
Genetic correlations between some production traits were found negative in both breeds. The highest values were obtained between age and BT in LW (-0 44) and between . Negative genetic correlations between age and BT are reported widely in the literature in the magnitude of-0.05 to -0.54 in both breeds (JEFFRIES and PETERSON, 1982; KENNEDY et al., 1985; SAVOIE and MINVIELLE, 1988; KAPLON et al., 1991; HOFER et al" 1992; LO et al 1992 -BIDANEL et al., 1994 LI and KENNEDY, 1994) . Negative genetic correlations between BT and MD are found also by LO et al. (1992) . Furthermore, backfat thickness is reported to be highly correlated (-0.52 to -0.99) to premium cuts in Proportion to carcass weight (SCHWOERER et al., 1980; BLUM et al., 1984; BERESKIN and STEELE, 1988) . Also muscle area of longissimus dorsi is reported to be correlated (0.80) with commercial meat cuts (BERESKIN and STEELE, 1988) . High correlations of backfat thickness and (or) of the M. longissimus dorsi area with commercial meat cuts imply their potential use as selection criteria for genetically improving commercial meat cuts. The latter is a trait with major economic impact for the Greek pig industry (PAPAVASILIOU et al., 1991) . Genetic correlations between the reproduetive traits NB and NW were found high (0.46 to 0.70) in this study. Since heritability of NW was close to zero but that of NB was relatively high, selection on NB will result in an increase of the NW as a correlated response. Number of pigs weaned is a trait with great commercial importance for Greek pig industry (PAPAVASILIOU et al., 1991) . High genetic correlations between those traits are also reported in the literature. ROEHE and KENNEDY (1995) found a genetic correlation between NB and NW of 0.65 in LW and of 0.82 in LD sows. KAPLON et al. (1991) reported genetic and phenotypic correlation for litter size at birth and litter size at 21 days of 0.91 and 0.88, respectively. The estimation of reliable genetic correlations between production and reproduetive traits was not feasible in the present study due to lack of adequate number of records for both production and reproduetive traits. However, the analysis of a pooled data set (of both breeds) obtained by limited number of records for both production and reproduetive traits showed very small (0.05 to 0.20) and divergent (favorable or unfavorable) genetic correlations between production and reproduetive traits. The hypothesis of no genetic correlation between production and reproduetive traits has been repeatedly supported in the literature (HALEY et al., 1988; RYDHMER et al, 1995; DUCOS and BIDANEL, 1996) . There is some evidence, however, that traits like Ovulation rate, number of embryos and embryo survival at 30 days of gestation be low but favorably correlated with litter weight at birth, with average daily gain between 30 and 85 kg and average backfat thickness . HALEY and LEE (1992) have also reported high and positive genetic correlation between Ovulation and litter weight at birth. The use of such traits as selection criteria, however, cannot be always envisaged under farm conditions. On the contrary, weight traits like litter weight at birth or at weaning could easily and at low costs be measured. In a divergent selection experiment for lean growth capacity in a population of LW pigs, KERR and CAMERON (1996) found that the genetic correlations of litter weight at birth and at weaning with daily food intake were positive and relatively high (0.42 to 0.50). The corresponding correlations with backfat thickness were, however, not significantly different from zero.
Selection strategy
The high heritabilities obtained for the production traits in the present study, ensured that the imported breeding stock which was used for the establishment of the herd originated from genetically diverse animals. Therefore, selection for leaner, fast growing pigs is expected to be efficient in both breeds. Besides the demand of the market for leaner pork at low prices, increasing attention is paid by both producers and consumers to meat quality aspects, i.e. meat color, water binding capacity, pH and intramuscular fat content, as well. Moderate to high heritabilities for meat quality traits are often reported in the literature (CAMERON, 1990; LO et al, 1992; HOVENIER et al, 1992 ) so selection on those traits is expected to be efficient. Altematively, improved pork meat quality could be attained if those traits were correlated to other, easy to measure, traits. HOVENIER et al. (1992) reported favorable genetic correlations between liveweight gain and meat quality traits and unfavorable genetic correlations between meat quality traits and backfat thickness and lean meat content. Slightly unfavorable genetic correlations between pH and age or between pH and BT are also reported in the literature (JOHANSSON, 1987; BIDANEL et al, 1994) . Furthermore, CAMERON (1990) and LO et al. (1992) have found unfavorable genetic correlations between muscle depth and (or) backfat thickness with intramuscular fat content and water holding capacity. Eventually, selection for faster growing and leaner pigs is expected to lower meat quality resulting in pork meat less juicy, tender and with less flavor. Selection for more efficient pigs should therefore include aspects of meat quality as well. This implies the need of the inclusion of one, at least, meat quality trait, for instance pH and (or) intramuscular fat content, as a selection criterion, as well. Altematively, meat quality could be retained unchanged by the use of restriction selection indices.
